
NATIONALADVISORY
FORAERONAL

,

,,

I

o

n

,

\

TECHNICALNOTE 2111

~STUDYOF WATER PRESSURE

SPECIALREFERENCETO A

DISZTUHYTIONSDURINGLANDINGSWITE

PRISMATICMODELHAVINGA HEAVY

BEAM LOADINGANDA WOANGLEOF DEADRISE

By Robert F. Smiley

LangleyAeronautical Laboratory
LangleyAir Force Base, Va.

-

I

—

I

)

. . . . .. .. . . . . . . . . . . ..— —. -.. . . .. .. . . . .. . . .. . . . -> ----- -. .-.



TECHLIBRARYKM%,NM

Illulmllllnllmu
onb53a2

NATIONALADVISORYCOMMITTEEFORAERONAUTICS

TECHNICALNOTE2111
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SPECIALWWERENX TOA PRISMM’ICMODELHAVINGA HEAVY

BEAMLOADINGANl)A 30°ANGLEOFDEADRISE

By RobertF.Smiley ‘

SUMMARY

A lsndin&investigationisbeingconductedattheLangleyimpact
basinto obtainsomequantitativemeasurementsofthedistributionof
waterpressureduring1-s, whichmayserveas anaidintheestab-
lishmmtof seaplanedesigncriteriaandindeterminingthevalueof
theexistinghydrodynamicpressuretheories.Thispaperpresentspres-
suremeasurementsobtainedona >f ootpriamaticnmdelhavinganangle
ofdeadriseof 30°,a beamof1.foot,anda bean40adingcoefficient
of18.8. l?hismodelwassubjettedto smooth+aterlandingsatfixed
trimsof6°, l~o, 30°,and45°fora rangeofflight-pathanglesfrom
approximately2°to 20°.

Initial iMpact conditionsandmaximuhpressuresarepresentedfor
alllandingstogetherwithtimehistoriesofthevelocitiesandpressure
distributionsforseveralrepresentativelandings.Theinstantaneous
pressuresfora givendraft,trim,andlocationonthehullbottomare
foundtobe directlyproportionaltothesquareofthevelocitynormal
tothekeel.

Comparisonsoftheexperhentalpressuresandtheoreticalpressures
indicatethe.degreeofcorrelationsmdsomel~tatiohsoftheavailable
theoretical.treatments.

INTRomIoIv ,

Inasmuchasthemagnitudeanddistributionofthehydrodynamic
loadsimposedon seaplsmehullsduringlandingsisa matterofconcern
to seaplsaedesigners,an appreciableaunt ofresemchhasbeencoR-
ductedto obtainreliablemeansofpredictingtheseloads.Inrecent
yearsmuchofthisresearchhasbeenconcernedwiththeover-allloads
problem,forsomephasesofwhichtheorieshavebeendevelopedandsub-
sequentlysubstantiatedby experhentalinvestigations.In general,
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2 NACATN 2111

however,a knawledgecftheover-enloadsisnota sufficientcriterion
forlocalstructuraldesignsince,duringsea@anelandings,largeand
irregulsrpressuregradientsusuallyexistoverthehullbottomsuchthat
thelocslwe ssures~eatlyexceedtheaveragepressures.

Muchoftheavailableinformationrelevantto theproblemofdeter-
- theseloc~ lWeEEIUOSis containedinreferences1 toIL. Refer–
ences1 to k dealwiththeoreticalas~ctsofthe~oblem,references1
to 3 beingconcernedprimarilywiththepressuresontransversesections
of a prismatichullwherethechinesdonot@netratethefluidsurface
andreference4 beingconcernedwiththe~essuresattransversesections
wherethechinesareinumrsedinthefluiri.SOB experimentaldata
obtainedundercontrolledconditionsaregiveninreferences3,6, 7,
and8. Datasrealsoavailablefromseveralfull+calelandingtests.
Althoughsllthesedataandtheorycomprisea definitecontributionfo
thesolutionofthepollemofhydrodynamicloaddistri~ution,largegays
remaintobe filledhy accurateexperimental.investigationandby further
theoreticalstudies.

As a steptoprovidemaceetiensivehydrdymmicNessure+iistribution
dataa landinginvestigationisbeingcbnductedattheLangleyimpact
basinona seriesofprismatichullendfl~atmodelsd varyingdeadrise
andbesmloading.Testshavebeencompletedona modelhavinga

n

bean-loadingcoefficientof18.8, ,abeamof1 foot,anda ~oot pris-
maticsectionhavingan angleofdeadriseof 30°. Fixed-trimlandings
weremadein smoothwaterfora largerangeoftrims,velocities,and

,

flight-pathangles;andduringeachlandingtimehistoriesofthepres-
sures,velocities,andover+llloadswererecorded.,

Thispaperyresentstheexprimntsl~essure-distributionand
velocitydatao%tained.framthesetests.Thedataareanelyzedto show
theeffectsofvelocity,fI_ight=Tathangle,trim,drsft,andlocationon
thehulllottom.Comparisonssremadebetweentheseexperimentalpres–
suresand‘theoreticalpressuresfromreferences1 to4 in orderto
establishthevslueandlimitationsofthevariousthemies.

smoLs

b

c

f

beam d model, feet

wettedsemiwidthatanystatimelong

equivalentplaningvelocity,feetper

keel, feet

( )isecond—
Sin T

t3 accelerationduetogravity,32.2feet~r secondpersecond
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theoretical

‘3

Constant

theoreticalconstantdefinedinappndixB

mass of model, slugs

instantaneousTremmme,TounclsWr squareinch

longitudinaltistancefromste~to anypointonhullbotta=
feet

instantaneousvelocityofmodelpmllel tolmel,feetper
second(5cos-r- $ sinT)

timeafterwatercontact,seconds

theoreticalconstant
()
~tan$
m

instantaneous resultantvelocityofmodel,feetpersecond

wavevelocity,feetpm second

windvelocity,feet~r second

transversedistancefromlmelto anyyointonhullbottom,
feet

instantaneousvelocityofmalelparalleltoundisturbedwater
surflice,feetpersecond

—

instantaneousdraftofmdel normelto
surface,feet

instantaneousvelocityofmdel normal
surface,feet@r second

instantaneousvelocityofmodelnormal
second(*sinT + y Cos T)

undistwbed water

toUndistm%edwater

tokeel,feetpr

instantaneousaccelerationm?modelnormaltokeel,feetper
secondWr second

sngleofdeadrise,degrees

effectiveangleofdeadrise~ degrees
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instantaneousflight-pathangle,degrees.

auxiliaryvariableusedfarintegrationandasa persmterin
ap~ndixB, radians

‘hewe’icdcm”=’(:’m‘e)
massdens-ity d water,1.938slugs percu%icfoot

trim,

sngle

.

degrees

of wave slow

Subscripts:

a two-ddmmnsimslflow

o atwatercontact

P peakvalue

r radiannwasure

Dimensionlessvariables:

CA ()beam+loadingcoefficient~
p~3

j-$ pressurecc@ficientbasedon ~

2

+

pressurecoefficientbasedon ;

#
pressure.coefficientbasedon V

AmMRATus

TheinvestigaticmwasconductedintheLangleyimpactbasinwith
thetestequipmentandinstrumentationdescribedinreference9. The

.
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testmodelwas1 footwideandhada dead+iseangleof 30°anda pris–
maticsectionfora lengthof5 feet. Thelinesand~~rtinentdimnsions
of themodelereshowninfigure1 anda photographofthemodelis
shownasfigure2. .

TheinstrummtationusedtoBasurehorizontalvelocityandvertical
‘velocityisdescribedinreference9. Accelerationsinthevertical
directionweremeasuredly a standardNACAair-dampedaccelerometer
havinga naturalfrequencyof16.5 cycles pr secondwitha~proximately
0.65criticsldampi~anda rangefrom-lgto 6g. Fitchlngmoments
wereobtainedfromanelectricalstrain%age-tmdw~~ter. The
timesofwatercontactandexitofthemodelweredeteminedbymeansof “
anelectricalcircuitcompletedby thewater.I?ressuresweremeasured
with20gagesdistributedovertheh@l bottomas showninfigure1.

1

Thesegageshadflat~– inch-diameterdiaphrqgnswhichweremountedflush
withthehullbottom.Motionofa metalrodattachedto thecenterof
thediaphragmunbalancedan inductiveelectricalbridgecircuitinside
thegage. Theresultingcurrent,~oprtionaltotheyressureonthe
diaphragm,wassqlifiedby 5000-cyclecarrieramplifiersandrecorded
ona 24 channeloscillograyh.Naturalfrequenciesofthegage~were
approximately3300cyclesyersecondhandtheres~onseoftherecording
systemwasfaithfulto atleastseveralhundredcycles@r second.A
typicaloscillographrecordis showninfigure

PRECISION

3. ‘

Theinstrumentationusedinthesetestsgivesmeasurementsthatare
believedaccuratewithinthefollowinglimits:

Horizontalvelocity,feetpersecond. . . . ..... . ... . . . . .+0.5
Verticalvelocityatwatercontact,.feetpersecond . . . . . . .~.2
Weight,younds. . . . . . .’.. . . . . . .
Verticalacceleration,Wrcent . . . . . . .
Pitchingmomantaboutstey,percent. . ...
Pressure,poundspr squsreinch. . . . . .
Time,seconds. . . . . . . . . . . . .“..

%here
for

we som indicationsoflargererrors
runs6 and7.

The.modelwastested
and45°in smoothwater.

TESTPRocEDuIm~

. . . . . ..,*. . e

. . . . . . . . . . . *5

. . . . . . . . . . . s
afi &o.lp. . . . . . ..*

. . . . . . . . . . M. 005

duetofrequencyresponse

at Ooyawandatfixedtrimsof60, 15°, 30°,
A seriesoflandingswasmadewiththemodel

. ..—-–—-— —.—--— ~ —— .— —.— - —-———.-—-— -



. ..— .—— — . . . . . _____ ___

6 NACATN2111

loaded to a weightof1172pounds,whichcorrespondedto a be-loading
coefficientof18.8. Theflight-lathanglewasvariedovera rangefrm
ayyroximately3°to 20°forthetestswith30°and45°trim,from2° ‘
to 6°forthe15°trim,-andwagl~ted to 2°forthe6°trim.Mostof
thelandingswerere~atedunderas similarconditionsaspossiblein
orderto checktheconsistencyd theexperbsmtslmeasurenmnts.

Duringeachlandinga‘compresse&xlrengine(describedinrefer-
ence9)exerteda verticalltitface onthemodelequalto itsweight
sothatthemodelenteredthewaterwithconstantverticalvelocity;
otherwisethemcilelwasfreetomoveintheverticaliklrection.The
mcdelwasattachedto a towingcarriageweighingapprccdmatelyIj600pounds.
Becauseofthislargeaddedcarriageinertiathemodeldidnotsluwdown
significantly(horizontally)aur~ anylanwg.

RESULTS

Thebasicdataobtainedframtheyresentinvestigationme presented
intallesI endII andinfigure4. TheInitialverticslvelocities,
horizontalvelocities,andtrimsfareXLrunsereyresentedIntableI
togetherwiththeevaluesd themaximnmpressuresrecordedoneachpres-
swe gage. IntableU sretabulatedtheinstantaneousverticalveloci-
tiescorrespondingtothePak pessuresforseveralofthepressure
%Ws” Thecorrespondinginstantaneoushorizontalvelocitieseresub-
stantiallythevaluesgivenintableI sincethechangeinhorizontal
velocityduringany@act wasamsU. lafigure4 extensivetime–
historypressuredistributionsaregivenforonerunateachtrim
togetherwithseverallessextensivedistributionsfromotherruns.
(Theboundaryofthewettedsurfaceas indicatedinthisfigurewas
arbitrarilydrawpas a straightlineslightlyforwardofthelineof
meximxnpressure.Theselinessrebelievedtogivea reasonableestimate
ofthewettedmea, buttheydonotnecessarilygiveanaccuraterepre-
sentationofthewaverise.)

In ordertoprovidean inde~ndentcheckontheaccura~ofthese
~ressuredatathefolluwing&ocedurewasused:Forseverslruns,yres-
suredistributionswerereadatthetimeofmaxlmmnloadonthemodel.
Thesedistributionswereintegratedto obtainthemaximumverticelload
andthepitthingmomnt abouttheste~atthetimeofmsximumload. In
figure5 theresultsoftheseintegrationssreccmp%redwiththecorre-
spondingvsluesobtainedfrcnntheaccelerometerandload+measurtig
dymmometer.(Thedpamonmtermeasuredthe~itchingmomnt aboutan
sxisremotefromthestey”.In ordertotransferthisnmmenttothestey
theaccelercmmterrestingwasused.)Thecloseagreementoftheseinde-
pendentmeasure~ntsappearsto substantiatetheover-eJJ.reliabilityof
theseyressuremeasurements.It is,realizedthatthisocheckdoesnot

.

.
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NACATN 2111 7

Trecludethepossibilitythattheyressuregagesdidnotrespondfaith–
fullyto thelocslizedhigh+requencypressuretransientswhichoccurred

“ nearthepeakpressuresduringscmeoftheselandingssincesuchlocal–
izedeffectswouldhavehadlittleinfluenceontheover-alJintegrated
pressuredistributions.Analysisofthedata(tobe discussedsubse-
quently)indicates,however,thatingeneraltheyeakvaluesarealso
reliable.

DISCUSSION

IndependenceofPressureCcwfficient~ andFlight-PathAngle
giz

Tressure+listributimdatafromfigure4 we plottedinfigures6
to 9 asthevariationofthedimensionlesspressurecoefficientA

.#

forvariousimmrsionsandtrims.Datafordifferentlandingconditions
andforthes- -rsion endtrimhavebeensuper~~osedinthesame -
three-dimensionalplots.

Fromtheoreticalconsiderationsdiscussedina~endixA itwould
be expectedthatthesepressurecoefficientswouldbe essentiallyinde-
pendentoftheinstantaneousflight-pathangleor,fora giventrim,
draft,andlocationonthehullbottom,thepressuresshouldbe directly
proportionaltothesqwreofthevelocitynormaltothekeel. 5t such
isthecasecanbe seenby an examinationoffigures7 to 9. Forthe15°
trimdatainfigure7(c)thepressurecoefficientappearsfairlyconstant
forflight+athanglesof0.6°and5.70. An apparentreductioninpeak
pressureoccursforruns6 and7;h~ever,thesetworunshadthehighest
verticalvelocitiesofthe15°tr~ runsandthepressuretransientsin
thevicinityofthepeakpressuresmaypossiblyhaveoccurredtoorapidly
topermittherecordingsystemtofollowthemaccurately.Thea~tion~
15°trimdatainfigure7(d)show muchbetteragreementbetweenthe
pressurecoefficientsatfligh~athanglesof+.4° and4.5°.Forthe ‘
trimof30°,thepressureccmfficientsfordll?ferentflight-pathangles
arecloselysimilar,foranglesof 2.3°,9.0°,and19.2°infigure8(b)
andforanglesof 7.1°and18.2°infigure8(c). similsrly,at45°trim
theagreemntisgoodforflight-pathanglesof1.5°,8.9°,and18.1°in
figure9(b)andfw anglesof-4.4°,6.3°,and16.1°infi~e 9(C). ~
summsry,theexperimental~essurecoefficientsobtainedduringthis
investigationappeartobe relativelyindependentoftheinstantaneous
flight-pathangle. (Thisobserved$eneralindependenceofthepressure
coefficientsandtheflight-pathangleservesto indicatethatmoatof
theerperimentsldata,includingthePak values,arefreefromfrequepcy–
responseerrcrsinasmuchas anysucheffectswould,ingeneral,produce
en apparentvariationofpressurecoefficientwithflight-pathangle.)

—- —..———-— — ... . ..— ——. —-- ——— —- ———-—.
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DistributionofPrcmureCoefficient~
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Theforcesonnon-chine-immersedtransversesectionsofa prismatic
float(fig.10)aregenerallyconsideredtobe relativelyindependentof
thewettedlength.Consequently,thismodelat anygiventrimwouldbe
expectedtohavea characteristic(ofthetrim)pressuredistributionon
thetriangularprojectedarea, thetransversesectionsofwhichhaveno
chineimmersion.Priorto chineimmersionthischaracteristicpressure
distributionshouldbe reducednearthestepto conformtothecondition
ofapproximatelyatmosphericpressureatthestep.Subsequentto chine
immersion,whena rectangularpressureareaispresentaftofthetri-
-~ mea (fig.10),lessstepeffectexistsandthepressureson the
triangularproJectedareashouldbe somewhatlargerthanwasthecase
priorto chineimmersion.Aftofthetriangulararea,jmsectionswhere
thechtiesareimmersed,theyressuresshoulddecreasesothatthey‘
approachzeronearthes,tep.As thewettedlengthincreasesthelongi-
tudinalpressuregradientsshouldthenbecome“smaller.‘I’heexpertiental
datainfigures6 to9 showalltheseexpectedtrends.In additionat-
the@ trim(fig.6)smalllocalizednegativepressuresoccurnearthe
step.

VariationofRressureCoefficient~ withTrim
&*

‘Transversesectionswithoutchineimnersion.—At verysmalltrims
ofa fewdegeesorlesstheflowaboutno=hine-tiersedsectionsof
a fixed-trimprismatichull(fig.10)maybe consideredto occurIntwo-
dimensionalplane”sstationaryin spaceandorientednormaltothekeel
(references10andll). Thenforverysmalltrimsthepressurecoeffi-
cient—~pi2 (accelerationeffectsbeingneglected)shouldbe thesame~

2
at eachtransversesectionandshouldbe independentofthetrim.Wagner
(references1 and2)hasgivenapproximateequationsforthepressure
distributionforthislimitingcase(seeappendixB). Thetheoretic~
pressureUstributionfora dead-riseangleof30°wascalculatedfrom
theseequationsandisshow-nwiththeexperimentaldatabothinfigures6
and7. (Becauseofthelargedifferencesh mag@tudebetweentheexperi-
mentalandtheoreticalpressuresat.the30°and45°trims,thistheoretical
distributionhasbeenomittedin figs.8 and9.) Fairagreementisseento
existwiththetheoryatthe6°trimexceptinthevicinityofthestep.
At theothertrims(l~”,30°,and45°)theagreementispoor,thetheorek
icalpressuresbeingmuchlargerthantheexperimentalpressures.Thus,
thesimpleassumptionoftheWagne~typeflowint~~nsional planes
normaltothekeelisindicatednottobe satisfactoryfortherangeof

.

trimofthepresentinvestigation. .

-—.
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It isevidentfromfigures6 to 9 thatthe.exper-nt~ l?ressw~”
coefficients”dodecreasewithincreaseoftrim. At thelowtrims(6
and17°)therearelergepeaksattheedgeof’thewettedarea.At the
highertrims(15°and30°)thecoefficientstendtobecom higheratthe
keelandlowertowardthechines..Someconsiderationofthiseffecthas
beenmadeby Pierson(reference3). Hehasdeterminedaneffectivedead-
riseanglewhichdependsonthetrimanddead+iseangle(appen~ B).
Wagnertsequationsareusedwiththiseffpctimdeadriseratherthan
withtheactualdeadrisein orderto calculatethepressurecoefficient
at a finitetrim. Pressureccmfficientscalculatedwiththe-useofthis
mci!~icationof??iersontsareshowninfigures6 to8. It is seenthat,
exceytinthevicinityofthestep,goodagreementexistswiththeexperi–
mentaldataat thetrimsof6°and15°. Thetheoreticalpressuresare
toosmellat 30°trimandno comparisonispossibleat45°. (Sincethe
effectivedeadrisegivenby Piersoninreference3 is onlyanapproxi–
mationwhichwasusedtherefora 6°tr~, itwashardlyexpectedtobe
validfortheextreme”trimofthisinvestigation.“Alsoitisevident
thattheapprax~tionis invalidat trimsalove33°forthisdeadrise
since sin~e> 1.)

Transversesectionswithchineimmrsion.–Figures6 to 9 showthat
at alltrimsthetransversepressuredistributionsonchine-immrsed
sections(fig.10)areapproximatelyellipticalandaresmallerthanor
equaltothepressuresonthe“sectionswithoutchineimmersion.At
the60trimthelongitudinalpressure~adientsalongthechin~immersed
lengthofthefloataregenerallysmall.’At the15°trimlargelongitu-
dinalpressuregadientsoccur.Above150trimfora “givenwettedlength
thelongitudinalgradientsdecreasewithincreasedtrim.

As a theoreticalapproachtothepres~es on chine-immwsedsec-
tionsKorvin4CroukovslyandChabrow(reference4)havepresenteda
derivationforthepressureona tw~nsional wedgewithchines
immersedina fluidwithseparatedflowbehindthewedge.As a first
approximationtheresultingequationsareapyliedto thethree+iimensional
caseby consideringtheflowto occurprimarilyintwo-dimensionalplanes
normaltothekeel’(appendixB). Withtheuseofthismodification,
theoreticalpressuredistributionswerecalculatedandareshownin
figures6 to 9 togetherwiththe’exprimentaldata. Thetheoretical
pressurecoefficients~ predictedinthiswaysrealwayslessthan .

$22
2

oneandaretheseineateachtransversesection;whereasanexamination
offigures6 to9 showsthattheexperim.wntaldataforchine-immersed
sectionsofthehullshowingeneralmuchlargercoefficients.andlongi- -
tudinslpressuregradients.At 6°trimthepressureisa~pradmately
fourtimesthenredictedvalue.As thetrimorwetted.lemzthincreases
theyressurec~fficientsdecreaseuntilatthelarg.yst
longestwettedlengkhfairagreementexistsbetweenthe
experimentalpressur~s.

tr-~(45°) and “
theoreticaland

_.. -- —— .-— ——— .—
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. EffectofIkceleration

Intheyrecedingdiscussionandinthetheore%icslpressuredistri–
butionsplottedinfigures6 to 9 no considerationwasmadeoftheeffect
ofthedecelerationofthemodelonthepressuredistributim.H the
modelisdeceleratinginthedirectionnormelto thekeel(asinthese
tests),negativeincrementsofpressurewillexistwhichasa first
approximationareproportionalto thedecelerationofthemodelandere
distributedellipticallyoverthewettedwidth(apxnxiixB).,Themsxhmm
theoreticalnegativeincrementof~ressureaccordingtothisfirst
approximationis P2C,whichquantity(fortheconditionsofthesetests)
wasalwayslessthan1 poundpersquereinchwhichis ofthesameorder
ofmagnitudeas theexpertintalerror.Consequently,ratherthanto
complicategreatlythecomparisonofexperimentalandtheoreticaldis—
tributionsby theconsiderationofthisterm
omittheterm.

TeakPressures

Thewak pressurecmfficientsobtained

itwasconsideredbetterto

duringthisinvestigation— —
werethelargestnesr*hekeel. Outboardfromthekeelthepeakpres–
surecoefficientswereslightlysmellerandnesrthesteptheywerecon-
siderablysmeller(figs.6 to 9). Theslightlyhigherpressuresatthe

keelmaybe partlyattributedt; a ~–inchradiusroundingofthekeel,
butthatthisround3ngwouldhavehadanysubstagtieleffectisunlikely.

At lowanglesoftrimthepeakpressmecoefficient‘P— should
~~2
2

be indepm~entoftrimandwettedarea.Accordingto Wagnerthisvalue
forsmallanglesof deadrise (J3+O) is (appendixB)

(1)

‘PAt veryhightrtmstheyak presmu?ecoefficient—1 .2 shouldbecome
-#Z

smsllerandapproachthevslue(appendixA)

‘P.l—_ —
$22
2

sin2T
(2)
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or theyeakyressurecoefficientPP— shouldapproach1. Thepeak~f2
9 .

pressuresforthethreegageswhic~hadthehighestpressuresthroughout

thesetestssreplottedinfigure11against&~2. Theseparticular

gages(numberedas 5,6, and7 infig.1)werelocatednesrthekeelat
positionsremovedfromthestep.Thefairedstraightlinesdrawnthrough
thedatawereusedto obtainpalspressurecoefficientsforeachtr~.
Theseyeakpressurecoefficientsareplottedinfigure12 ~ainsttrim
as a percentageofthelimitingvalueat 90°,thatis,asthecmffi–

Pp .
cient—. Theexperimentaldatasreseento

p

Wagnertstheoryandwithpiersm~smodification
highertrimsneithertheoryisadequateandthe
upperlimitingvalueof1. An empiricalformula

agreefairlywellwith

fortrimslelow15°. At
datarapidlyay~roachthe

(3)

isshownwhichdoesfitthetwoendpointsgivenby equations(1)and(2)
(T400 and T- 90°)andwhichisinfairagreementwiththeexperi-
mentaldataovertheentirerangeoftrim.

Whereasananslysisofthedataintermsoftheped pressurec@f–
‘P Pp

ficient— —
~fi2 w ~;2

wasmostexpedient,forpracticalpuryoses,the

2 2
useofa pressurecmfficientlasedontheresultantvelocityisdesir-
able.Equation(3),soconverted,becomes

J?p—=
“&

T~s coefficientisshown
pressurecoefficientwith

7C2Sh2(7 + T)
(3a)

fi2Sh2T + 4 t~2p COS2T

infigure13asthevariationofthePak
trimforvariousflight-pathangles.The

msximumcoefficientateachtrimisalsoshown.

.

.

. .- -— - - -—--- —- .- .———- .-.—--— —...—.— —— -



. . . . .. .—— ——. . ..— —— _____ ..- —. ———. —.—. — .—. —.

12 NACATN 2111 .

CONCLUSIONS

I?roman analysisoftheexperim=mteldataobtainedduringa smoot& ‘
waterlandinginvestigationofa prismaticfloathavinga highlean+
loadingcoefficient,thefollowingconclusionsmaybe drawn:

1.Fora giventrim,draft,andlocationonthehullbottomthe
instantaneouspressuressredirectlyProportionalto thesqusreqfthe
velocitynormaltoth6keelbutsreindependentoftheinstantaneous
flight-pathangle.

2. Intheregionforwsrdofthehnersedchines

a.At thelowtrims(6° andl~”) lsrge pressure pmlmexist
attheedged thewettedarea.At the~gher trims(30°and45°)
thedistributionstendtobecomehigheratthekeelandlower
towardthechines.

b. Theratioofpressureto thesquereofthenormalvelocity
decreaseswithincreasedtrim. ,

c.Wagner?stheorygivesa pressuredistributionwhichis in
fah agreement.withthe6°trimdataexce~tinthevicinityof the “
step.At theothertrims(15°,30°,and4S0) theagreementis .
poor,thetheoreticalpressuresbeingmuchlargerthanthe
experhentalpressures.

d.2ierson?smodificationofWagnertstheorygivesa ~ressure
distributionwhich,exceptinthevicinityofthestep,is in
gocilagreemmtwiththeexperimmtsldataforthe6° and15°trims.
Thetheoreticalpres~es =retoosmallatthe30°tri.m~

3. In theregionwherethechinesareimmersed‘

a.Thelongitudinal~ressuregradientis smallatthe6°trim,
largeatthe15°trim,anddecreaseswithfurtherincreasesoftrim.

b. Useofthetw~nsionsl analysisofKor~oukovsky
andChabbuwgivestheoreticalpressureswhichwe ingeneralsmaller ,
thantheeqerimentelpressures,butatthelargesttrti(45°)and
longestwettedlengthfdiragreenmntexists.

4.Wagner~sandPiersonYsequationsgivea fairestimateofthe
largestpeaX”presquresfortrimslelow15°,butereinadequateforthe
highertrims..

..—
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~.Thelargestyeak
overtheentire.rangeof

h=
$$

1
i

13

pressurescan_berepresentedwithfairaccuracy
trimby theem@ricsleqyation

fi2sin2(7+ T)
2fi2SinT + 4 tSi12~ COS2T

where pp isthePak pressure,p isthemass”density,V isthe
resultantvelocity,T isthetrfi,P istheangleofdeadrise,and
7 istheflight-pathangle.

LangleyAeronauticalLaboratory .
. NatiodalAdvisoryCommitteeforAeronautics

LangleyAirForce13ase,Vs.,February17,1950
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REMARKSONTHEORETICALBACKGROUND

LandingDq)act

Intheimpactd longnarrowprismaticfloats(fig.10)theinstan-
taneouspressurescanbe consideredasa firstapproximationtobe com-
posedoftwoterms:oneproportionalto thesquereoftheinstantaneous
velocityofthemodelnormelto thekeel,andoneproportionalto the
accelerationnorm&lto thelmel(references10 and11). Forthespeciel
caseofa modelhavinga wingliftequelto themodelweightandwhenpo
-otherexternalforcesarepresent(aswasthecasefarthemodelofthis
paper)thesumofthetwoforceterms’(proportionalto 52 end E) is
proportionaltothenormalaccelerationofthemdel (fromNewton~s
secondlaw)fromwhichfactitisevidentthatthenormalacceleration
isproportionalto thesquareofthenormelvelocity.The”factorof
proportionalityverieswiththe~act ge-try (shapofmcdel,trim,
anddreft)andthele~load.ing’coefficient.Thenfa thisspecialcase

thed~nsionlesspressurecoefficientbasedonthenormalvqlocity~ ,
&*

fora givenlocationonthehfl bottom,shoulddepnd onlyontheimpact
ge~try andthele-loadingcoefficient.Also,iftheratioofthe
accelerationforcetothevelocity+quaredforcebe small(whichmay
oftenbe thecaseforheavybeamloadings)then,regardlessofthe

wingliftandbeamloading,thepressurecoefficientP— should. %52
2

dependessentiallyotiyontheimpactgeometryandshouldbeinde-
pendentofthebeamloading.

RelationtoSteadyPlaning

Theprecedingdiscussionindicatesthatfora longnarrowprismatic
modelthesteadyplaningconditiondiffersfromthecorrespondingimpact
conditim(sam dreft,trim,shap ofmmiel,andnormslvelocity)only
by th~effectofnormalacceleration.Thelmpackvelocityicomponent

(
correspondingto thesteadyplaningvelocitywhichis ~ interms

)

. SinT
ofthenormalvelocityis -& =&+$’CotT=?. Thensincein

steadyplaningallpressuresarelessthenorequalto thedynamic
pressurecorrespondingto theresultantplaningvelocity(buoyancybeing
neglected)andthe~ak pressureap~oachesthiqvaluea!hightrims,
thesameshouldbe trueduringimpactfor,thevelocityf.
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Ingenersl,theaccelerationona floatduringimpactisnegative
or oppositetothe&bectim ofnormalmotion(aswasthecasethrough-
outthesetests)suchthatnegativeincremmtsof~essurearecreated
onthehullbottom.Then,ingenersl,the

le somewhatles~than
Mpact+pressurecoeffi–
thecorrespondingplaning

coefficients.

.—-..— .—— — ——— ——— -— —.——————————- —
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APPENDIXB

EQUATIONSFORTHEORETICALPRESSUIWDISTRIBUTIONS ,

Wagner(reference1)haepresenteda d&ivationforthepressure
distributionona two-d3nensionalsynmmtricbodyof smallslopedropping
ona smoothfluidsurface.Theresultingequationis

where c isthewettedsemiwidthofthebody,

Va2L*
2

()
g –1x

(Bl)

x isthewidthcorre-
spondingtoanypointonthebody,Va isthetw~nsional velocity—

ofthebody,and u -is ~ tan~ fora V+ottcmsurface.Forthecase
ofa three-dimensionalprismaticfloatatan angleoftrim,Wagn+er
(reference2)givesthevelocitycorrespondingto Va as

*

Va = VYr+ (V– Vwi)Tr+ VWTW (B2)
r

where Vwi isthewindvelocity,Vw isthewave,,velocity,and Twr is

thewaveslo~e.~ theabsenceofwindandwavesthisis

Va = V(7r+ Tr) .(B3)

SinceWagnerconsidered@msJlangles,equation(B3)isessentially
●

va=v8ti(y+T)=i (B4j

(Equation(1%)isseentobe equivalenttothestatementthattheflaw
abouta prismaticfloatatan angleoftrtioccursprimarilyintwc-
dimehsionslplanesstationaryin spaceandorientednormaltothekeel.)

Cmbiningequations(Ill)and(~) with u = # tanP givesa first
ayproxlmationforthetransversepressured.istributionona VAottan
floatat sectionshavingno chineimmersion

P=&$~-[$);_l)+P~d~ (B,)

—.——
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wherethefirsttwotermsareseentogivethepressureforconstant
velocityandthelasttermisproyorti&lto tie
ofthefloat.Pierson(reference3)hasmodified
includelettertheeffectsoftrim.Forthecase
givestheequation

normaldeceleration
Wagnertsequationsto
of steady@aninghe

(B6)

where p = # tan pe and ~ejcalledtheeffectiveangleofdeadrise,

is definedby therelationsin2j3e= sin2~+ ~ sf12in%. Then,

(B7)

Thepeakpresquresonthe
forsmallanglesofdeadrise

‘P

where

floataregivenby Wagner(reference2)
(p+o) as

dc Va ‘—= —’
dt U

Conbiningequations(~) p.nd(B8)with u = ~ tan@ gives

()1 “2#
Pp = @z ~cot2P

Modified@ak yressuresmaybe obtainedfrom
equation(B7).

(Ba)

(B9)

themaximumvalueof ‘

.- —...——— ——___ ._ — —— ~ _____ ____ _ - _ ———
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Korvin~oukovskyandChabrow(reference4)havepresenteda deri–
vationforthepressuredistributionona symmetrictw~immsional

.

wedgecompletelysubmrgedina fluid,movingnormalto thestreamjand
havingsteadysepsratedflowbehindthewedge.Theresultingpressure
equationis

2h( )]Cos h

l+sin?b

where A isdefinedby therelations . .

(B1O)

1 Jz
~=4cosp 2 (1+ sinX)h(cosk)lasinAdX “

0
,

and

l—c—%7 .
h=

Yc

By combiningequations(Bk)and(BIO)a firstappraimtionisobtained
fw thepressuresonchine-immersedsectionsofa V+ottomhull ‘

,

(lIll)

.

—— ———– .—— —
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